Human brucellosis is a protean disease with a diversity of clinical signs and symptoms resulting from infection with Brucella species. Recent reports suggest a cross-regulation between adrenal steroids (cortisol and dehydroepiandrosterone [DHEA]) and the immune system. Monocytes and macrophages are the main replication niche for Brucella. Therefore, we investigated the role of adrenal hormones on the modulation of the immune response mediated by macrophages in B. abortus infection. Cortisol treatment during B. abortus infection significantly inhibits cytokine, chemokine, and MMP-9 secretion. In contrast, DHEA treatment had no effect. However, DHEA treatment increases the expression of costimulatory molecules (CD40, CD86), the adhesion molecule CD54, and major histocompatibility complex class I (MHC- Human brucellosis is characterized by a great diversity of clinical manifestations resulting from infection with Brucella species (4). It is chiefly an inflammatory disease. Inflammation is present both in the acute and chronic phases of the disease and in practically all of the organs affected. Clinical signs of such inflammation are undulant fever, endocarditis, arthritis, osteomyelitis, meningitis, pleocytosis, cellular infiltration of the joints, orchitis, nephritis, hepatic granuloma, etc. (5).
S
everal years of investigation have revealed a close relationship between the immune and endocrine systems. Substantial evidence supporting the bidirectional communication between the neuroendocrine and immune systems now exists (1) . Immune cell subsets express receptors for many of the hormones secreted by the endocrine system, and likewise, receptors for cytokines and growth factors have been identified on cells of the neuroendocrine systems (2) . Thus, the many lines of communication between the immune and the endocrine systems could have a profound impact on immune function, disease development, and susceptibility to infections (3) .
Human brucellosis is characterized by a great diversity of clinical manifestations resulting from infection with Brucella species (4) . It is chiefly an inflammatory disease. Inflammation is present both in the acute and chronic phases of the disease and in practically all of the organs affected. Clinical signs of such inflammation are undulant fever, endocarditis, arthritis, osteomyelitis, meningitis, pleocytosis, cellular infiltration of the joints, orchitis, nephritis, hepatic granuloma, etc. (5) .
Brucella abortus infection elicits a vigorous Th1 immune response, which also activates cytotoxic T lymphocytes (6) (7) (8) (9) . Despite the recognition that Th1 immunity is crucial for the control of Brucella infection, several aspects of the immune response, i.e., how the innate immune response shapes the adaptive Th1 immune response and why Th1 immunity is not sufficient to completely eradicate the infection, constitute a conundrum. Macrophages/monocytes were recognized to play an important role in resistance to facultative intracellular bacteria such as Brucella, and activation of macrophages by specifically committed T lymphocytes formed the basis for cell-mediated immunity. However, B. abortus is endowed with a panoply of survival stratagems to evade immune responses and survive inside macrophages, creating a safe niche of replication inside the host (10) (11) (12) (13) .
Several cytokines that are produced during B. abortus infec-
tion, most of them secreted by macrophages (such as interleukin-1 [IL-1], IL-2, IL-6, IL-8, tumor necrosis factor alpha [TNF-␣], and gamma interferon [IFN-␥])
, are known to affect the release of anterior pituitary hormones by acting on the hypothalamus and/or the pituitary gland, resulting in an increase of glucocorticoid secretion (14) . Glucocorticoids suppress the secretion of IL-2 (15, 16) , which inhibits proliferation of activated Th1 cells. This phenomenon could also contribute to the persistence and chronicity of Brucella infection. Recent reports suggest a crossregulation between adrenal steroids (glucocorticoids and dehydroepiandrosterone [DHEA] ) and the modulation of the immune response (17) . The effects of DHEA are often opposed by the other important adrenal steroid, cortisol (18) . The cortisol/DHEA ratio is abnormal under various pathological conditions such as AIDS, rheumatoid arthritis, and tuberculosis (18) (19) (20) . In previous studies, significantly higher levels of cortisol in serum were reported in patients with acute brucellosis than in brucellosis patients at the end of antibiotic treatment or than in healthy subjects (21) . In addition, adrenal glands are enlarged in patients with acute brucellosis but return to normal size after therapy (21) . Of note, Th1 responses are preponderant during acute human brucellosis, but they decline in the chronic phase (12) . Thus, it is reasonable to hypothesize that the neuroendocrine system could modulate immune responses during Brucella infection, particularly influencing the macrophage response to infection and explaining, at least in part, the progression of the infection to chronicity. In this study, we sought to investigate the relevance of the adrenal axis in the modulation of monocyte function in the context of B. abortus infection, a disease in which the induction of an effective cellular response would be an effective immune response to eradicate the infection.
MATERIALS AND METHODS
DHEA and cortisol assessment in patients. Human blood was collected either from healthy male adult individuals (n ϭ 23) or from patients with active acute brucellosis (n ϭ 23) from Hospital F.J. Muñiz, Buenos Aires, Argentina. Patients and control subjects were age and sex matched. Their ages ranged between 28 and 60 years. The means Ϯ standard errors of age were 48.30 Ϯ 10.17 years for control individuals and 46.35 Ϯ 8.95 years for Brucella-infected patients. Written informed consent was obtained in accordance with the local Ethics Committee.
Brucellosis was diagnosed on the basis of clinical, serologic, bacteriologic, and epidemiologic data. Disease activity was defined by the presence of typical signs and symptoms (e.g., fever, splenomegaly, lymphadenopathy, myalgia, arthralgia, and hepatic involvement). All patients showed positive results in classic serologic tests, including standard tube agglutination, 2-mercaptoethanol, Rose bengal, complement fixation, and Huddleson tests. All patients were classified as having acute disease (duration of illness, 28 to 300 days; median, 60 days). We used the criteria for discrimination between acute and chronic disease duration as defined by Young (22) .
To assess cortisol and DHEA-S levels in plasma, EDTA-anticoagulated blood samples were drawn. After centrifugation, plasma aliquots were preserved at Ϫ80°C. Cortisol and DHEA-S were measured by electrochemiluminescence tests (automatic analyzer ADVIA CentaurH XP Immunoassay System; Siemens Healthcare Diagnostics, Deerfield, IL, USA). All hormone determinations were performed in the same blood samples, collected between 8:00 and 8:30 a.m. because of the circadian rhythms.
Bacterial culture. B. abortus S2308 was grown overnight in 10 ml of tryptic soy broth (Merck, Buenos Aires, Argentina) with constant agitation at 37°C. Bacteria were harvested and the inocula were prepared as described previously (23) . All live Brucella manipulations were performed in biosafety level 3 facilities located at the Instituto de Investigaciones Biomédicas en Retrovirus y SIDA (Buenos Aires, Argentina).
Cells and media. Unless otherwise specified, all experiments were performed at 37°C in a 5% CO 2 atmosphere using standard medium composed of RPMI 1640 supplemented with 2 mM L-glutamine, 10% heatinactivated fetal bovine serum (FBS) (Gibco-BRL Life Technologies, Grand Island, NY), 100 U of penicillin per ml, and 100 g of streptomycin per ml. THP-1 cells were obtained from the American Type Culture Collection (Manassas, VA) and were cultured as previously described (24) . To induce maturation, cells were cultured in the presence of 0.05 M 1,25-dihydroxyvitamin D 3 (vitamin D 3 ; Calbiochem-Nova Biochem International, La Jolla, CA) for 48 to 72 h.
Human neutrophils were isolated from venous blood from healthy human volunteers by a Ficoll-Paque (GE Healthcare, Uppsala, Sweden) gradient, followed by the sedimentation of erythrocytes in 6% dextran and hypotonic lysis (25) . Neutrophils were harvested, washed twice with sterile phosphate-buffered saline (PBS), and resuspended at a concentration of 1 ϫ 10 6 cells/ml in RPMI 1640 medium supplemented with 5% FBS, 1 mM glutamine, 100 U/ml penicillin, and 100 g/ml streptomycin. Cell viability was 98%, as determined by trypan blue exclusion. The purity of the final neutrophil preparation was 95%, as assessed by morphological examination after Giemsa staining and flow cytometry light scatter patterns as described previously (26) .
Cellular infection. Vitamin D 3 -treated THP-1 cells, at a concentration of 1 ϫ 10 6 cells/ml, were incubated in round-bottom polypropylene tubes (Sarstedt, Numbrecht, Germany), infected at different multiplicities of infection (MOI) in the presence or absence of DHEA (1 ϫ 10 Ϫ8 M) and cortisol (1 ϫ 10 Ϫ6 M), and incubated for 1 h at 37°C in a 5% CO 2 atmosphere. Cells were extensively washed with RPMI to remove extracellular bacteria and were incubated in medium supplemented with 100 g/ml of gentamicin and 50 g/ml of streptomycin to kill extracellular bacteria in the presence or absence of DHEA and cortisol at the indicated concentrations. THP-1 cells and culture supernatants were harvested at 24 or 48 h to determine cytokine production, matrix metalloproteinases (MMP) secretion, and major histocompatibility complex class I (MHC-I), MHC-II, CD54, CD40, and CD86 surface expression. As was required, experiments were performed in the presence of IFN-␥ (150 U/ml; Endogen). Culture of THP-1 with cortisol and DHEA alone resulted in no changes in the abovementioned molecules.
To monitor Brucella intracellular survival, cells were lysed with a sterile solution of 0.1% (vol/vol) Triton X-100 in H 2 O, and serial dilutions of lysates were rapidly plated on tryptic soy agar plates to enumerate CFU.
Migration assay. Cell migration was evaluated by using 96-well microchemotaxis plates with 5-m-pore-diameter polycarbonate filters (Corning, Corning, NY). Neutrophils (10 6 cells/ml) were placed in the upper well of the chambers, and the indicated stimuli (culture supernatants from B. abortus-infected THP-1 cells) were placed in the lower wells. Migration was scored by counting the number of neutrophils that had reached the bottom well after 2 h. Zymography. Gelatinase activity was assayed by the method of Hibbs et al. (27) with modifications, as described previously (23) .
Gelatinase activity under native conditions. Gelatinase activity in unprocessed culture supernatants (native conditions) was measured using a gelatinase/collagenase fluorometric assay kit (EnzChek; Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. The EnzChek kit contains DQ gelatin, a fluorescein-conjugated gelatin so heavily labeled with fluorescein that fluorescence is quenched. When this substrate is digested by gelatinases or collagenases, it yields highly fluorescent peptides, and the fluorescence increase is proportional to proteolytic activity. Collagenase purified from Clostridium histolyticum provided in the assay kit serves as a control enzyme. Plates were read in a fluorescence plate reader (Victor 3 ; Perkin-Elmer, Waltham, MA). Measurement of cytokine concentrations. Secretion of transforming growth factor-␤1 (TGF-␤1), TNF-␣, IL-1␤, IL-6, IL-8, and monocyte chemotactic protein 1 (MCP-1) in the supernatants was quantified by enzyme-linked immunosorbent assay (ELISA; BD Biosciences, San Jose, CA).
Stimulation with recombinant cytokines. As indicated, infections were performed in the presence of human recombinant IL-6, IL-1␤, and TNF-␣ (R&D Systems) at 50 ng/ml.
Neutralization of TGF-␤1.
Neutralization experiments were performed with an antibody against human TGF-␤1 (IgG, rabbit polyclonal; Abcam Inc., Cambridge, MA) or its isotype control (rabbit IgG). To perform neutralizing experiments, anti-TGF-␤1 antibody was included during the infection at a final concentration of 20 mg/ml. mRNA preparation and quantitative PCR. RNA was extracted using the Quick-RNA MiniPrep kit (Zymo Research), and 1 g of RNA was subjected to reverse transcription using Improm-II reverse transcriptase (Promega). PCR analysis was performed with the Mx3000P real-time PCR detection system (Stratagene) using SYBR green as fluorescent DNA binding dye. The primer sets used for amplification were as follows: GAPDH (glyceraldehyde-3-phosphate dehydrogenase) sense, 5=-CGACC ACTTTGTCAAGCTCA-3=; GAPDH antisense, 5=-TTACTCCTTGGAG GCCATGT-3=; CIITA (class II transactivator) sense, 5=-CCGACACAGA CACCATCAAC-3=; CIITA antisense, 5=-TTTTCTGCCCAACTTCTGC T-3=. The amplification cycles for GADPH and CIITA were 95°C for 30 s, 55°C for 60 s, and 72°C for 60 s. All primer sets yielded a single product of the correct size. Relative expression levels were normalized against GADPH.
Statistical analysis. Statistical analysis was performed with one-way analysis of variance, followed by a post hoc Tukey test, or using the nonparametric Wilcoxon matched-pair test for paired samples using GraphPad Prism 5.0 software. The data are represented as means Ϯ standard errors of the means (SEM).
RESULTS

DHEA and cortisol in brucellosis patients.
Cortisol and DHEA have opposite effects on immune responses (28) , and they are imbalanced in certain infectious diseases and pathologies (19, 29, 30) . Thus, we decided to investigate cortisol and DHEA levels in patients with acute brucellosis. Cortisol and DHEA concentrations in plasma showed no significant differences between patients with acute brucellosis and control subjects ( Fig. 1A and B ). An increased cortisol-to-DHEA ratio is observed in infectious diseases (19, 29, 30) . Further analyses of the cortisol/DHEA ratio revealed that B. abortus-infected patients had a much higher ratio than healthy controls (Fig. 1C) . These results indicate that the hypothalamic-pituitary-adrenal (HPA) axis is activated during Brucella infection.
Cortisol inhibits proinflammatory cytokine and chemokine production induced by B. abortus infection. Adrenal hormones participate in the modulation of the function of several immune cells (29) . Monocytes/macrophages are the main replication niche for Brucella and the powerhouse of cytokine production (31, 32) . Thus, we hypothesized that their function would be influenced by cortisol and DHEA during infection with B. abortus. When THP-1 monocytes were infected with B. abortus in the presence of cortisol, these cells secreted significantly lower quantities of proinflammatory cytokines (TNF-␣, IL-1␤, and IL-6) and chemokines (IL-8 and MCP-1) than did untreated infected cells. In contrast, treatment with DHEA had no effect on proinflammatory cytokine and chemokine secretion in response to B. abortus infection. In addition, when the two hormones were administered together, DHEA did not reverse the inhibitory effect induced by cortisol treatment on the production of immune mediators (Fig.  2) . Although cortisol treatment did not abrogate the production of IL-8, this reduction was sufficient to inhibit the migration of neutrophils (Fig. 2F) . These results indicate that cortisol reduces proinflammatory cytokine and chemokine secretion induced by B. abortus infection in monocytes and DHEA cannot reverse this effect.
Adrenal steroids modulate B. abortus intracellular replication in THP-1 cells. Since cortisol treatment had an effect on cytokine and chemokine production, experiments were conducted to investigate whether cortisol and DHEA treatment could modify the capacity of B. abortus to replicate inside THP-1 monocytes. B. abortus replicated in THP-1 monocytes in the presence of cortisol and DHEA at 24 h postinfection. However, cortisol significantly (P Ͻ 0.01) increased the capacity of B. abortus to replicate in monocytes with respect to untreated cells. In contrast, DHEA did not significantly modify the intracellular B. abortus replication with respect to untreated cells. When infection experiments were performed in the presence of both DHEA and cortisol, there were no differences in intracellular bacterial survival with respect to untreated cells (Fig. 3A) . To determine whether cortisol treatment affects intracellular replication or increases the bacterial uptake, we determined the number of intracellular bacteria between 2 h and 48 h postinfection. Our results indicated that at early time points there were no differences in the number of intracellular bacteria between cortisol-treated and untreated cells, indicating that cortisol treatment does not interfere in bacterial uptake. Yet, differences arise after 24 h, indicating that cortisol does interfere with bacterial replication (Fig. 3B) .
As cortisol and DHEA can be present in any organism before Brucella infects the monocytes, experiments were conducted to determine whether cortisol and DHEA pretreatment could alter intracellular replication. To this end, THP-1 monocytes were pretreated with cortisol, DHEA, or both DHEA and cortisol during 24 h and then were infected with B. abortus. Our results indicated that hormone pretreatment does not alter intracellular replication compared with that in untreated cells (not shown). Adrenal steroids modulate gelatinase secretion induced by B. abortus infection. We previously demonstrated that THP-1 cells secrete MMP-9 in response to B. abortus infection (23, 33) . Therefore, we investigated the effects of cortisol and DHEA on MMP-9 secretion upon infection with B. abortus. Cortisol inhibited MMP-9 secretion induced by B. abortus infection, as measured by zymography. In contrast, DHEA increased MMP-9 secretion. However, when cells were infected in the presence of both DHEA and cortisol, MMP-9 activity was similar to that produced by B. abortus-infected cells. These results indicate that cortisol inhibited B. abortus-induced MMP-9 secretion and DHEA was able to reverse the inhibitory effect induced by cortisol (Fig. 4A) .
MMPs are counterbalanced by the activity of tissue inhibitors, including TIMPs (tissue inhibitors of metalloproteinases) (33) . Therefore, the net gelatinase or collagenase activity in a complex sample, such as culture supernatants, depends on the balance between MMP and TIMP activities. This net activity is not revealed by zymography, since MMP-TIMP complexes may dissociate during gel electrophoresis. To assess whether B. abortus infection in the presence of DHEA and cortisol modified net gelatinase activity, culture supernatants from THP-1 monocytes infected with B. abortus in the presence or not of DHEA and cortisol were incubated with a nonfluorescent gelatin fluorescein conjugate, and the fluorescence unmasked as a consequence of gelatin degradation was measured in a fluorometer. Similar results to those deter- mined by zymography were obtained when MMP-9 activity was measured by fluorometry (Fig. 4B) , indicating that cortisol and DHEA can modulate gelatinase activity instead of modulating the secretion of TIMPs.
Cortisol inhibition of MMP-9 secretion induced by B. abortus infection is reversed by exogenous TNF-␣ and IL-6. Proinflammatory cytokines have been previously involved in MMP production in different cell types (34) (35) (36) (37) (38) (39) . To determine whether TNF-␣, IL-6, and IL-1␤ were involved in the downmodulation of MMP-9 secretion induced by cortisol in B. abortus-infected monocytes, recombinant cytokines were added exogenously at the time of treatment. Recombinant human TNF-␣ and IL-6 reversed the inhibitory effect on MMP-9 secretion induced by cortisol in B. abortus-infected monocytes. In contrast, IL-1␤ could not reverse the secretion of MMP-9 downmodulated by cortisol (Fig. 4C) . This indicates that cortisol downmodulates MMP-9 secretion indirectly, by dampening TNF-␣ and IL-6 production.
DHEA increases MHC-I and MHC-II expression in B. abortusinfected monocytes. As already reported (7), B. abortus infection did not induce changes in expression of MHC-I and MHC-II molecules in monocytes/macrophages (Fig. 5) . However, cortisol and DHEA could modulate this expression in the context of bacterial infections (29, 40, 41) . The presence of DHEA during B. abortus infection induced the expression of MHC-I and MHC-II molecules on THP-1 cells. Cortisol treatment had no effect on the expression of these molecules when it was added during B. abortus infection. When infection experiments were performed in the presence of both cortisol and DHEA simultaneously, we observed a significant increase of MHC-I and MHC-II expression over that seen in B. abortus-infected untreated cells or cells treated with cortisol alone (Fig. 5) .
DHEA reverses the effect of cortisol on CD40, CD86, and CD54 expression in B. abortus-infected monocytes. Costimula- When infection experiments were performed in the presence of DHEA, the levels of CD40, CD86, and CD54 were similar to those observed in untreated B. abortus-infected cells. Interestingly, when infection experiments were performed in the presence of cortisol and DHEA simultaneously, we observed that CD40, CD86, and CD54 levels were similar to those induced by untreated B. abortus-infected cells (Fig. 6 ). This indicated that in the case of costimulatory and CD54 molecules DHEA could reverse the effect of cortisol.
DHEA reverses B. abortus downmodulation of MHC-I and MHC-II expression induced by IFN-␥. IFN-␥ has a critical role in protective immunity against Brucella (6, 7) . The strategies that allow B. abortus to survive for prolonged periods inside macrophages could be explained at least in part by the inhibition of the IFN-␥-induced expression of MHC-I and MHC-II molecules (43, 44) . We hypothesized that this phenomenon could be modulated by cortisol and DHEA. Our results indicated that treatment with DHEA resulted in significant recovery of the inhibited IFN-␥-induced MHC-I and MHC-II expression mediated by B. abortus infection. Cortisol had no effect on the downmodulation of IFN-␥-induced MHC-I and MHC-II expression induced by B. abortus. When the two hormones were administered together, the effect was similar to that of DHEA alone (Fig. 7) . Therefore, DHEA could reverse the inhibition mediated by B. abortus of IFN-␥-induced MHC-I and -II expression.
DHEA induces CIITA expression. Transcription of MHC-II genes depends on a specific non-DNA-binding protein, the class II transactivator (CIITA) (45) . Therefore, experiments were conducted to determine whether the CIITA expression is modulated by DHEA and cortisol during B. abortus infection in the presence or not of IFN-␥. Our results indicated that CIITA expression increased when B. abortus infection was performed in the presence of DHEA and independent of the presence of IFN-␥ (Fig. 8A and  B, respectively) . When the two hormones were administered together, the effect was similar to that of DHEA alone. Therefore, CIITA expression can be modulated by DHEA during B. abortus infection. These results indicate that MHC-II expression can be modulated by DHEA via regulation of CIITA expression.
TGF-␤1 contributes to the inhibition of MHC-II expression induced by IFN-␥ during B. abortus infection in the presence of cortisol. Previously, we demonstrated that IL-6 is involved in the downmodulation of IFN-␥-induced MHC-II in B. abortus infection (43) . The presence of cortisol during B. abortus infection significantly inhibits IL-6 secretion (Fig. 2B) . However, B. abortus infection was able to induce MHC-II downmodulation even in the presence of cortisol (Fig. 7B) . This result indicates that another mediator is involved in such a phenomenon.
It has been demonstrated in a variety of cell types that TGF-␤1 downmodulated MHC-II expression (46, 47) . Also, in chronic Brucella infection patients, it has been demonstrated that circulating TGF-␤1 levels were markedly elevated compared with those from Brucella-negative healthy subjects; and this upregulation correlated with diminished lymphoproliferative responses (48) .
In infection experiments performed in the presence of cortisol, we found a significant increase in TGF-␤1 secretion (Fig. 9A) . In these assays, THP-1 monocytes were infected with B. abortus in the presence or absence of neutralizing antibodies to TGF-␤1 or the isotype control. Neutralization of TGF-␤1 resulted in significant (P Ͻ 0.001) recovery of the inhibition of IFN-␥-induced MHC-II expression mediated by B. abortus in the presence of cortisol (Fig. 9B ). This result indicates that TGF-␤1 is involved in the 
DISCUSSION
Host control of brucellosis requires a set of cells and components of the immune system that together promote a complex response against Brucella spp. (49, 50) . However, the role of the adrenal axis in the immune response against Brucella infection has not yet been reported.
Under healthy conditions, DHEA secretion is synchronized with cortisol in response to adrenocorticotropic hormone (ACTH) and corticotrophin-releasing hormone (CRH), while in critical illness, a remarkable decrease of DHEA secretion has been observed (28) . The physiological role of DHEA is poorly understood, but there are clear indications that it modulates the immune response and influences both pro-and anti-inflammatory cytokine release (51) (52) (53) (54) .
The hypothalamus adrenal axis is activated during many bacterial and viral infections, resulting in an increase in circulating glucocorticoid levels. This activation is dependent on the inflammatory cytokines (55, 56) . In previous studies, it has been demonstrated that cortisol levels were more elevated in patients with acute brucellosis than in healthy individuals and patients with remission (21) . In concordance, our results indicated that the cortisol/DHEA ratio in infected patients is much higher than in healthy controls. This indicated that the hypothalamus adrenal axis is activated in Brucella-infected patients.
So far, there are no reports describing the effect of adrenal hormones on monocyte/macrophage function in the context of Brucella infection. Adrenal hormones participate in the modulation of the function of several immune cells. We hypothesize that cell function would be influenced by cortisol and DHEA, modulating both innate and adaptive immune responses to B. abortus. Moreover, the effects of cortisol and DHEA on monocyte/macrophage function have been demonstrated in other infection mod- els, showing changes in cytokine production, antigen presentation, and costimulatory molecule expression (57) (58) (59) .
Cortisol treatment significantly inhibited B. abortus-induced CD40, CD86, and CD54 expression. Interestingly, when infection experiments were performed in the presence of cortisol and DHEA simultaneously, we observed that CD40, CD86, and CD54 levels were similar to those induced by untreated B. abortus-infected cells. Interestingly, the presence of DHEA during B. abortus infection induces the expression of MHC-I and MHC-II molecules. When infection experiments were performed in the presence of cortisol and DHEA simultaneously, we also observed a significant increase of MHC-I and MHC-II. This indicated that DHEA could positively modulate monocyte function during B. abortus infection.
IFN-␥ has a critical role in protective immunity against Brucella, and this cytokine enhances both the microbicidal and antigen-presenting functions of macrophages (60) (61) (62) (63) . In our laboratory, we demonstrated that B. abortus infection inhibits MHC-I and MHC-II expression induced by IFN-␥, contributing in this way to the chronicity of Brucella infection (43, 44) . Our results indicated that DHEA immune intervention could positively affect monocyte function, resulting in a significant recovery of the inhibited IFN-␥-induced MHC-I and -II expression mediated by B. abortus infection. In addition, DHEA could also reverse the inhibition of IFN-␥-induced MHC-I and -II expression mediated by B. abortus infection in the presence of cortisol.
TGF-␤1 is an important mediator of immune regulation (64) , and its expression is always associated with immune suppression. In patients with chronic Brucella infection, it has been demonstrated that circulating TGF-␤1 is abundantly secreted in sera and peripheral blood mononuclear cells (PBMCs) of patients with chronic brucellosis. The increased activity of TGF-␤1 at both mRNA and protein levels may underlie the depressed function of T cell responses with consequent prolongation of the disease course (48) . Accordingly, our results indicate that cortisol induces TGF-␤1 secretion by B. abortus-infected monocytes and that this cytokine is involved in the inhibition of MHC-II expression as was demonstrated using specific neutralizing antibodies. In addition, transcription of MHC-II genes depends on a specific non-DNAbinding protein, the class II transactivator (CIITA) (45) . CIITA expression can be inhibited by TGF-␤1, as was demonstrated in different cell types (46, 47) . In concordance, our results indicate that cortisol treatment induces TGF-␤1 secretion and does not induce CIITA expression in B. abortus-infected monocytes. In contrast, DHEA treatment inhibits TGF-␤1 secretion with concomitant induction of CIITA expression.
Our data demonstrated that DHEA could reverse the effect of cortisol in the context of Brucella infection, since we observed an increment of expression of adhesion molecules and molecules involved in antigen presentation and T cell costimulation. However, DHEA treatment had no effect on proinflammatory cytokine and chemokine production.
Taken together, our results indicate that DHEA immune intervention may positively affect monocyte function since we observed the induction of a proinflammatory milieu, incremented expression of the MHC-I and MHC-II molecules and costimulatory molecules, and adhesion enhancement.
Finally, the present study constitutes the first analysis on the immune-endocrine alterations in brucellosis and provides an initial background for studying in more detail the role of DHEA during the infection. Thus, the supplementation or cotreatment with DHEA or derivatives in addition to antibiotics therapy can be considered as a new possible treatment against Brucella.
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